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PROJECTION EXPOSUKE APPARATDS 

This is a condnuadon of application Sen No. 08/139,803 
filed Oct 22, 1993, now abandoned. 
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BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

The present invention relates to a projection exposure 
apparatus used when a semiconductor integrated circuit, a lO 
liquid crystal display device, or the like is manufactured and, 
more particularly, to a projection exposure jpparatus for 
perfoiming exposure by a scanning exposure scheme. 

2. Related Background Art 

When a semiconductor element, a liquid crystal display 
element, or the like is to be manufactured by a lithographic 
process, a projection exposure ^aratus is used. This appa- 
ratus is designed to project a pattem image of a photomask 
or reticle (to be generically refcrced to as a reticle herein- ^ 
aftra-) on a photosensitive substrate throu^ a projection 
optical system. As such an apparatus, a projection scanning 
type exposure apparatus is known, wMch is designed to 
simultaneously scan a reticle and a photosensitive substrate 
through a projection optical system. ^ 

As a conventional exposure apparatus of this type, an 
apparatus having a reflecting projection optical system with 
XI magnification is known. In this ^aratus, a reticle stage 
fffl- holding a reticle and a wafer stage for holding a 
photosensitive snbsttate (to be referred to as a wafer hrae- 
iuaflCT) are coupled to a common movable column, and the 
reticle and the wafer are scanned/exposed at the same speed. 
In sudi a scanning exposure apparatus {minor projection 
aligner) with XI magnification, if a reticle pattern and a 
reticle pattem image projected on a -wslex do not have a 
mirror-image relationship, an exposure operadon is com- 
pleted by one^limensiomdly scanning an integral movable 
column in the wid&wise direction of arcuated slit illumina- 
tion light while the reticle and the waf h: are aligned and held 
on the movable column. As is sppaient, with a projection ^ 
system with XI magnification in vMch a retide pattem and 
a redcle pattern image prcgectcd on a wafer have a minor- 
image lelationslnp, the reticle stage and the wafer stage must 
be moved in opposite directions at the same speed. 

Another conventional scanning exposure ^paratus incor- 45 
porating a lefiracting elen»nt is also known. Jn this appara- 
tus, while the {Ejecting inagnification is inraeased or 
decreased with the lefiracting elemrait, both the reticle stage 
and the wafw stage are relatively scanned at a speed ratio 
corresponding to a magnification. In tins case, the projection 50 
optical ^stem used is constituted by a combinatira of a 
reflecting element and a re&acting elemrait or by only a 
re&acting element An example of the reduction projection 
optical system constituted by a combination of a reflecting 
element and a refracting element is disclosed in U.S. PaL 55 
No. 4,747,678. 

In addition, a method of performing step & scan exposure 
by using a reduction projection optical ssrstem capable of 
Ml-field iHojection is disclosed in U.S. PaL No. 4,924,257. 
In this method, Tiier ieticlc stage for holding a reticle is 60 
designed to be movable in both flie X direction as a scanning 
directicm and the Y direction perpendicular to the scanning 
direction. Similaily. the wafer stage for holing a wafar is 
dedgned to be movable in both the X and Y directions. As 
disdosed in U.S. Pat No. 5,004348, the wafer stage ai^tiie 65 
reticle stage of an exposiu« appsasm based on tte widely 
used conventional step and repeat scheme are also designed 
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to be movable in both the X and Y directions. A conventional 
scanning exposure apparatus may use the wafo: and reticle 
stages of the above-desoibed exposure i^jparatus of the step 
and repeat scheme so as to peifonn control to synduxmously 
scan the two stages in the X direction as the scanning 
directioa In this case, while a wafer and a reticle are 
scanned in the X direction, the wafer stage and the reticle 
stage are finely moved within tiie X-Y plane to adjust the 
positions of the wafer and the r^cle in the X and Y 
directions and the direction of rotation, thraeby correcting 
the position deviation of the wafer relative to the reticle. 
Both the stages, however, are relatively heavy. For tMs 
reason, they are poor in response characteristics and require 
complicated control. That is, in a conventional scanning 
exposure apparatus, it is difScult to perform constant speed 
drive control in the scanning direction and simultaneously 
perform high-precision control of positioning operations in 
the X and Y directions and tiie direction of rotation. 

As the above-described scanning exposure apparatus, a 
projection exposure apparatus based on a scanning exposure 
scheme designed to perform stitching is known (U.S. Pat 
No. 3338,828). ha this scanning exposure scheme designed 
to perform stitching, exposure light having a predetramined 
shape is radiated on a reticle, and the reticle and a wafer are 
synchronously scaimed, thereby performing exposure with 
respect to an area corresponding to the first column on the 
w^er. 

Subsequenfly, the reticle is replaced or is moved in the 
second direction perpendicular to the first direction of the 
illumination area by a predetermined amount The wafer is 
latCTally shifted (stitching) in a direction conjugate to the 
second direction of the illumination area. Exposure light is 
radiated on tiie reticle again, and the reticle and the wafer are 
syndiionously scanned, thus performing exposure with 
respect to an area corresponding to the second column on the 
waf^ Wth this operation, one shot area, on the wafer, 
which can l>e exposed can be fiirther increased In this case, 
the moving amount of tte wafer in the second direction is set 
such that the exposure areas of the first and second columns 
on the wafer ovedap eadi other. 

In sudi an exposure apparatus, high-predsion oved^ 
ping of patterns and a reduction in illuminance inegulad^ 
at die ovedapfBUg portion between the areas of die first and 
second columns are required. However, these requirements 
are mA satisfied by the conventional exposure apparatus. 

The follovring problem is posed evrai in an exposure 
apparatus having a regular hexagonal illumination area such 
as flie one disdosed in U.S. Pat No. 4.924,257. 

FIG. 14A shows an illumination area on a reticle in a 
projection cjqKBure apparatus of a stitdiing and slit scan- 
ning exposure sdieme. Referring to FIG. 14A, exposure 
light from an illumination optical system is radiated on a 
regular hexagonal illumination area 1 centered on a position 
A. He illuminance in the illumination area 1 is unifcHm. By 
scanning die reticle in the -X direction witii respect to the 
illumination area 1 at the position A at a constant speed V/p, 
the illumination area 1 relatively moves over the reticle 
along a trace 2A and readies a portion B. The retide is then 
moved in the Y direction to rclativdy move the illumination 
area 1 over the reticle along a trace 2B, thus causing the 
illiunination area 1 to reach a position C. Thereafte, the 
retide is scanned in the X direction at the constant speed V/p 
to rdatively move the illumination area 1 over the reticle 
along a trace 2C 

FIG. MB shows an exposure area on a wafer. Referring to 
FIG. 14B, a regular hexagonal exposure area 3 centered on 
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a position AP is conjugate to the iUumination area 1 at the 
position A on the ledcle. The regular hexagonal exposure 
aiea3 has two sides parallel to the Y direction. Letting R be 
the distance between two opposing vertexes of the legtdar 
hexagonal exposme area 3, and W be the distance between 5 
two opposing sides th^ieof, W=3"^i/2. When the wafer is 
scanned in the X direction with respect to the exposure area 
3 at the position AP at a constant speed V, the exposure area 
3 relatively moves over the wafer along a trace 2AP and 
reaches a position BP. In this state, when the wafer is moved iq 
in the -Y direction by a distance 3R/4, the exposure area 3 
relatively moves over the wafer along a trace 2BP and 
reaches a position CP. Thereafter, when the wafer is scanned 
in the —X direction at the constant speed V, the exposure area 
3 relatively moved over the wafer along a trace 2CP. 15 

The exposure area 3 which relatively moves along the 
trace 2AP and the exposure area 3 which rdatively moves 
along the trace 2CP are scanned in the Y direction, i.e., the 
widthwise direction, such that their isosceles triangle areas 
are supeiposed on each other in a connection area 4. 20 

FIG. ISA shows a case where a regular hexagonal expo- 
sure area 3 is illuminated with a pulse las^ beam fix>m a 
pulse laser source. Referring to HG. ISA, the exposure area 
3 is an area insaibed in the contour of a circalar exposure 
area 7, of a projection, optical system, located on a wafer. 25 
Similar to equation (4) in the second embodiment, if the 
width of the exposure area 3 in the X direction as a relative 
scanning direction is represented by W, W=jn-AL=m'T-V 
where T is the period of pulse emission of a pulse laser 
source 52 in FIG. 6, AL is the distance by which a wafer 14 30 
is scanned in the X direction during one period T in a slit 
scanning exposure operation, and m is an integer larger than 
one. 

HG. ISA shows a case whrae np=8. Assume that an 
exposure point PO is located at an edge portion of the 
exposure area 3 when pulse emission occurs. The exposure 
point PO is expa>sed to a pulse laser beam seven times within 
the exposure area 3, and is exposed to a pulse laser beam 
twice at the edge portion. In this case, since the ©aeigy 
exposed at the edge portion is )4 that exposed within the 
exposure area 3, ejoagy corresponding to a total of eight 
pulses is radiated on the raposure point PO. Energy corre- 
sponding to a total of eight pulses is radiated on the exposure 
point PO regardless of the X-direction position of the expo- 
sate point PO at the time of pulse emission. 

Consid« an e}qx>sare point tfarougih which an area 3a of 
the light-band isosceles triangle of the exposure area 3 
passes. The distances by whidi exposure points PI to PS 
shown in FIG. ISA pass through the area 3a of the isosceles ^ 
are 8-AL to lAAL, respectivdy. Hiraefoie, v/bsn the wafer 
is scanned in the X dkection with respect to the exposure 
area 3 (the iirst wafer scanning operation), fsiexgy corre- 
sponding to eight pulses is ra<£ated on the exposure point 
PI, and energies coiresp<mdii}g to seven pulses, six pulses, 
. . . are respectively radiated on the exposure points P2, P3, 

When stitching of the waf^ is performed, and the wafer 
is scanned in the -X direction with respect to the exposure 
area 3 (the second wafer scanning operation), casrgies ^0 
conesponding to 0 to seven pulses are respectively exposed 
on the exposure points PI to P8. Therefore, energy corre- 
sponding to eight pulses is radiated on the exposure points 
PI to P8, sinular to the exposure point PO, by perfcoinnig 
exposure twice Qpon stitching, as in tfie second embodiment 

However, at an exposure point P9 between the exposure 
points P4 and PS, even if slit scanning exposure is performed 
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twice, radiated oiragy varies. That is, as shown in FIG. 15B, 
pulse emission is performed when the exposure point P9 is 
at a position 8 in the flrst wafo: scanning opmtion, and 
pulse emission is performed when the exposure point F9 is 
at a position 9 in the second wafer scanning operation. 
Therefore, energy corresponding to nine pulses is radiated 
on the exposure point P9. 

In the case shown in FIG. ISC, in the first wafer scanning 
op^ation, pulse emission is performed wh^ the exposure 
point P9 is at a position 10, and in the second wafer scanning 
operation, pulse emissicm is performed' when the exposure 
point P9 is at a position 11. Therefore, energy corresponding 
to seven pulses is radiated on the exposure point P9. That is, 
eneigy corresponding to seven to nine pulses is radiated on 
the exposure point P9 depending on the timing of pulse 
emission. Consequently, at the ainnection portion 4 on the 
wafer, radiated eneigy irregularity, i.e., illuminance irregu- 
larity, is caused owing to a pulse laser beam. 

SUMMARY OF THE INVENTION 

It is the first object of the present invention to provide a 
scanning exposure appara&is which can drive a reticle and a 
wafer in a predetermined direction at a constant speed while 
controlling thdr positions with high precision. It is the 
second object of the present invention to realize a high- 
precision pattern overlapping operation and reduce illumi- 
nance im^ularity at a connection portion, on a photosensi- 
tive substrate, which is scanned and exposed twice by a 
stitching operation in a scanning exposure apparatus 
designed to perfonn a stitching operation. 

In order to achieve the first object, according to the 
preset invention, an exposure q>paratus for exposing a 
pattern of a mask onto a photosensitive substrate comprises 
the following conqx>nettts, as shown in FIG. 1: 

syndironous scanning means (20, 23, 24, 27, 31) for 
synchronously scanning the mask (7) and the photosensitive 
substrate (14) while maintaining a piedetennined speed 
ratio, when the pattern of the mask (7) is exposed onto the 
photosensitive substrate (14); and 

adjusting means (21) for adjusting a position of the mask 
(7) widnn a pred^miined reference plane parallel to a 
scanning directi<m of the mask (7), independently of scan- 
ning of the mas^ (7) wMch is poformed by the syndironous 
scanniqg means (20, 23, 24, 27, 31), during scanning expo- 
sure of the pattern of the mask (7) onto &e photosoisitive 
substrate (14). 

According to the exposure aiqpaiatus of the i»esent invoi- 
tion, vfhexi the patton of the mask (7) is to be scanned/ 
exposed on the photosensitive substiate (14), the synchro- 
nous scanning means (20, 23, 24, 27, 31) synchronously 
scans the mask (7) and die photosensitive subsbate (14). The 
adjnstment means (21) adjusts the position of the mask (7) 
independ«itly of this scanning operation with respect to tiie 
mask (7) and the photosrasitive substrate (14). Hierefore, 
the position deviation of the mask (7) relative to the pho- 
tosensitive substrate (14) during a scanning exposure opera- 
tion can be corrected with high precision. 

In addition, in ordra to adueve the first object, an expo- 
sure apparatus according to the present invention comprises 
the foUowing conqmnents, for example, as shown in FIG. 1: 

an illumination optical system (22) for radiating exposure 
light on a pre^termined if lutnination area on a mask (7) on 
whidi a patton to be transfmed is foaaed; 

a {Kojection optical system (13) for projecting an image of 
a pattern on the mask (7), irradiated with the exposure light, 
onto a pbotosenMtive substrate (14); 
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a mask stage (20) for scanning the mask (7) relative to the 
fllummation aiea in a direction perpendicular to an optical 
axis of the projection optical system (13); 

a substrate stage (27) for scanning the photos^itive 
substrate (14) relative to the ptojected image of the pattern ^ 
in a direction perpendicular to the optical axis of the 
projection optical system (13); 

mask position detecting means (35) for detecting a posi- 
tion of Uie mask (7) widiin a plane perpendicular to the 
optical axis of the projection optical system (13); 

substrate position detecting means (47) for detecting a 
position of the photosensitive substrate (14) within a plane 
peqjendicolar to the optical axis of the projection optical 
system (13); 

adjustment means (21) for adjusting the position of the 
mask (7) within the plane perpendicular to the optical axis 
of the projection optical system (13); and 

control means (23) for causing the mask stage (20) and the 
substrate stage (27) to synchronously scan when the pattern 20 
of the mask (7) is exposed on the photosensitive substrate 
(14), calculating a position deviation of the mask (7) relative 
to the photosensitive substrate (14) on the basis of detection 
signals finom the mask position detecting means (35) and the 
substrate position detecting means (47), and causing the 25 
adjustment means (21) to adjust the position of the mask (7), 
independently of a scanning operation with respect to the 
mask (7) which is performed by the mask stage (20), on the 
basis of the position deviatioa 

A«»rding to the exposure apparatus of the present inven- 3" 
tion, the drive section for driving the mask (7) is divided into 
the mask stage (20), which is scanned in synchronism with 
the substrate stage (27), and the adjustmrat means <21) for 
adjusting the position of the mask (7), and these two drive 
means arc indepeiuienlly controlled. "Iliercfore, as the mask 35 
stage (20), for example, a heavy stage whidi can stably 
move at a constant speed in a scanning opoation is used. As 
the adjustHKnt means (21), for example, a lightweight stage 
wi& high controllability is used, whidi is capable of fine 
movement in a translation direction and a rotational direc- ^ 
tion. V/itb this aiiangemrait, scanning exposure can be 
performed with excellent positional ccmtrollability. 

In order to achieve the second object, an exposure appa- 
ratus according to the present invention conqmses the 
following conqwnmts, for example, as shown in FIG. 6: 

synchronous scanning means (23, 31, 66) for synchro- 
nously scanning a mask (7) and a photosensitive substrate 
(14) in a predetermined first direction of an iHuTninaffon area 
(43) vftaic maintaining a predetermined speed ratio; and ^ 

iUumination condition settmg means (53, 55) for setting 
die illanimati<Ki area (43) to be rectangular, and letdng a 
light intensity distribution of the illumination area (43) in a 
second direction perpendicular to the first direction have a 
trapezoidal shape so that a middle portion of the distribution 55 
exhiUts a substantially constant light intensity, and two side 
portions of the distribution exhibit a gr^ually decreasing 
light intensity. 

According to the exposure apparatus of the present inven- 
tion, tile Ught int^isity distribution of the illumination area 60 
(43) in the second direction perpendicular to the first direc- 
tion in windi the mask (7) and the photosensitive substrate 
(14) are relatively scanned has a trapezoidal shape. Conse- 
quently, as shown in FIG. 9B, the li^t intensity distribution 
of an exposure area (43 P), which is located on the photo- 65 
sensitive substrate (14) and conjugate to the illumination 
area (43), in the secoi^ direction (y direction) also has a 
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trapezoidal shape. In addition, the width of the exposure area 
(43 P) in the relative scanning direction is constant Hiere- 
fore, exposure points which are arranged on the photosen- 
sitive substrate (14) in the second direction and relatively 
scanned by the exposure area (43 P) are irradiated with 
Kposure light corresponding to the same number of pulses. 

When the exposure area (43 P) is to be laterally shifted on 
the photosensitive substrate (14) by stitching, areas (43 aP, 
43 bP) in which the iUominance gradually decreases are 
superposed on each other, as shown in FIG. lOA. V^th this 
operation, at an exposure point Q3 on a connection portion 
(80c) which is scaimed twice by stitching, the sum of a light 
intensity SA in the first scanning operation and a light 
intensity SB in the second scanning operation becomes 
equal to a light intensity SC of a portion, of the trapezoidal 
light intensity distribution, in which the Ught intensity is 
constant, as shown in HG. lOB. Hierefore, the light inten- 
sity at an arbitrary point on the connection portion (80c) on 
the photosensitive substrate (14) becomes almost equal to 
the light intensity at an exposure point on a non-connection 
portion, thereby reducing the illuminance irregularity. 

In addition, in aider to achieve the second object, a 
jHojection exposure apparatus according to the present 
invention comprises the following components, for 
example, as shown in FIG. 6: 

apulse light source (52) for pulse-emitting exposure light; 

an illumination optical system (53, 55, 58) for illuminat- 
ing a predetermined iUumination area (43) on a mask, on 
which a pattern to be transferred is formed, with the expo- 
sure light; 

a projection optical system (13) for projecting an image of 
the paaem, irradiated with the exposure light, onto a pho- 
tosensitive substrate (14); 

syndironous scanning means (23, 31, 66) for synchro- 
iMHisly scanmng a mask (7) and a photosoisitive substrate 
(14) at least twice in a predetramined first direction of the 
iUumination area (43) while mamtaining a predetermined 
speed ratio; 

substrate moving means (28) for moving tiie pbotos^isi- 
tive substrate (14) in a second diiection popendicular to the 
first dinec^on while first and second scanning operations 
with respect to the mask (7) and the photosensitive substrate 
(14) are perfonned by the synchronous scanniag means (23, 
31. 66); and 

control means for controlling at least ims of said pulse 
light source (52) and said synchronous scanning means (23, 
31, 66) such that a position of the jdiotosensitive substrate 
(14) in the first direction at the time when the light source 
(52) performs pulse emissicm, in the first scanning op^tion 
with respect to the photosensitive substrate (14) and the 
mask (7) coincides with that in the second scanmng opera- 
tion. 

According to the [Hojection exposure apparatus of the 
present invention, as shown in FIG. 16A, when the photo- 
soisitive substrate (14) is scanned by, for example, a regular 
hexagonal exposure area 0), the position (8) of pulse 
^nission of exposure Kght with respect to an arbitrary 
»cposure point P9 on a connection area (4) in the first 
scanning operation is the same as the position (12) of pulse 
emission of exposure light in the second scanning operation. 
Ja the case shown in FIG. 16A, energy catresponding to 
d^t pulses is radiated on the exposure point P9. In the case 
shown in FIG. 16B, the timing of pulse emission is shifted 
iiom that in the case shown m FIG. 16A. However, similar 
to fhe case shown in FIG. 16A, the position (10) of pulse 
emission of exposure light with respect to the exposure point 
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P9 in the first scanning operation is tiie same as the position 
(13) of pulse emission of exposure light in the second 
scanning operation. In the case shown in FIG. 16B, energy 
corresponding to dght pulses is also radiated on the expo- 
sure point P9. That is, by setting the photosensitive substrate s 
at the same position in the scanning direction when the pulse 
light source performs pulse emission in the first and second 
scanning operations, the connection portion (4) which is 
scanned twice by stitching is always irradiated with constant 
energy, thraeby reducing the illuminance irregularity. lo 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing the overall arrangement of a 
projection exposure apparatus according to the first embodi- 
ment of the present invention; 

FIG. 2 is a plan view showing a reticle side stage system 
in FIG. 1; 

FIG. 3 is a plan view showing a wafer side stage system 
in HG. 1; 

FIG. 4 is a flow chart showing a control method in a 
scaiming exposure operation in the first embodiment; 

FIG. 5A is a plan view showing the relative positions of 
a reticle and an illumination area, and 

FIG. 5B is a plan view showing the relative positions of 
a wafer and an exposure area in correspondence with FIG. 
SA; 

FIG. 6 is a view showing a projecdon exposure apparatus 
according to the second embodiment of the present inven- 
tion; 

FIG. 7A is a plan view showing a slit-like illumination 
area on a reticle 19 in FIG. 6, and 

FIG. 7B is a graph showing the illuminance distribution 
of the Slimiination area; 

HG. 8 is a plan view showing a reticle pattern in the 
second embodimoit; 

FIG. 9A is a plan view showing a slit-like exposure area 
on a vfafa in the second embodiment, and 

FIG. 9B is a graph showing the illuminance distribution 
of the exposure area; 

FIG. lOA is a plan view showing an exposure area on a 
wafer; and 

FIG. iOB is a graph showing the illuminance distribution 
of the exposure area; 

FIG. 11 is a plan view showing a trace of scanning 
exposure on a wafer in the second embodiment; 

FIGS. 12A and 12B are plan views other traces of so 
scanning exposure on the wafra* in the second embodimoit; 

FIG. I3A is a plan view showing a modification of the 
illumination area on a reticle, and HG. 13B is a graph 
showing the illuminance distribution of the modification of 
the illumination area; 

FIG. 14Ais a plan view showing a state in which relative 
scanning is poformed with respect to a regular hexagonal 
illumination area and a reticle, and 

FIG. 14B is a plan view showiag a state in which relative 
scanning is performed with respect to an exposure area on a 
wafer corresponding to FIG. i4A; 

HGS. ISA, 15B, and 15C are views for explaining 
illuminance irregularity on a photosrasitive substrate when 
a pulse emission type light source is used to perfonn 6S 
stitching and scanning raposure with respect to a regular 
hexagonal exposure area; and 
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FIG. 16A is a plan view showing a positional relationship 
associated with pulse emission in a modification of the 
second embodiment of the presmt invention, and 

FIG. 16B is a plan view showing another positional 
relationship associated with pulse emission. 



DETAILED DESCRIPnON OF THE 
PREFERRED EMBODIMENTS 

A projection exposure apparatus according to the first 
emboiliment of the present invention will be described 
below with reference to FIGS. 1 to SB. 

FIG. 1 shows a projection exposure apparatus of a slit 
scanning exposure sdieme according to this embodiment 
Referring to FIG. 1, the X axis is defined in a direction 
perpendicular to the drawing surface of FIG. 1 within a 
plane parallel to a reticle 7, the Y axis is defined in a 
direction parallel to the drawing surface of FIG. 1, and the 
Z axis is defined in a direction papendicular to the X — 
plane. Assume that a relative scanning direction in slit 
scanning exposure is defined as the X directiotu 

An air guide elongated in the X direction is formed on a 
reticle side base 19 in a stage system for a reticle 7. A reticle 
side scaiming stage 20 is placed on the reticle side base 19 
to be slidable in the X direction within the X — Y plane. A 
reticle side fine adjustment stage 21 is placed on the reticle 
side scanning stage 20 so as to be translated and rotated 
within the X — ^Y plane. Ths rctide 7 is held on the reticle 
side fine adjustment stage 21. In an exposure operation, a 
patten area of the reticle 7 is illuminated with exposure light 
IL from an illumiiiation optical system 22 in the form of a 
rectangular illumination area (to be refeired to as a slit-like 
illumioation area hraeinafler), and the reticle 7 is scaimed in 
the X direction with respect to the slit-like illumination area. 
The illumination optical system 22 is constituted by a light 
source, a shutter, an optical integrator, a field stop for setting 
the slit-like illumination area, a condenser lens, and the like. 

Tltree movable nurtors (only a movable mirror 33 is 
shown in FIG. 1) are disposed on the reticle side fine 
adjustment stage 21. Three laser interferometers (only a 
laser inteiferomet^ 35 is shown in HG. 1) obtain the 
positions ami rotational angles of tiie reticle side fine adjust- 
vasat stage 21 witlun the X— Y plane by using laser beams 
reflected by these three movable minors. Hie measurement 
results obtdned by these lasor int^erometers are supplied 
to a main control system 23. The main control system 23 
controls the operation of the reticle side scamung stage 20 
through a relative scanning drive 24, and also controls the 
operation of the reticle side fine adjustment stage 21 through 
a fine adjustment drive 25. 

In an exposure opnation, a pattern in a slit-like iUumi- 
nation area on the retide 7 is projected/exposed on the wafi^ 
14 through a projection optical system 13. 

In a stage system for the wafer 14, an air guide elongated 
in the X direction is formed on a wafer side base '26; and a 
wafo- side X stage 27 is placed on the wafa- side base 26 to 
be slidable in the X direction within tte X — ^Y plane. A 
wafer side Y stage 28 is placed on tbc wafer side X stage 27 
so as to be movable in the Y direction within the X — ^Y 
plane. Hie wafer 14 is held on the wafi^ side Y stage 28. 
Although not shown, a Z stage, a leveling stage, and the like 
are arranged between the wafo: side Y stage 28 and the wafer 
14. A stepping motor 29 is disposed on one end of the wafer 
side X stage 27. Tbe stepping motoi 29 drives the wafo- side 
Y stage 28 in the Y diiection through a ball screw 30. 
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Three movable mirrors (only a movable mirror 45 is 
shown in FIG. 1) are disposed on the wafer side Y stage 28. 
Three laser inteiferometers (only a laser interfeometer 47B 
is shown in FIG. 1) obtain the positions and rotational an^es 
of the wafer side Y stage 28 within the X — ^Y plane by using 
laser beams reflected by these three movable mirrors. Hie 
measurement results obtained by these laser int^erometeis 
are also supplied to the main control system 23. In accor- 
dance with the three position measurement results, the main 
control system 23 controls the operations of the wafer side 
X stage 27 and the wafer side Y stage 28 through a drive 31. 

FIG. 2 is a plan view showing a reticle stage system in 
FIG. 1. Referring to FIG. 2, two pairs of air guides 19a and 
19b arc formed, in rows, on the reticle side base 19 to extend 
in the X direction, and dectromagnets 32A and 32B are 
embedded on two sides of the air guides 19a and 19b in rows 
in the X direction, respectively. Permanent magnets are 
embedded in the rear surface of the reticle side scanning 
stage 20 so that the reticle side scanning stage 20 is driven 
in the X direction by a linear motor scheme. A cooling 
function (e.g., a scheme of circulating a temperature-con- 
trolled gas or fluid) is provided for the reticle side scanning 
stage 20 to prevent heat genraated by the linear motor fiom 
being conducted to the reticle side fine adjustment stage 21. 
The reticle side fine adjustment stage 21 is placed on the 
reticle side scanning stage 20. The movable mirror 33 
having a reflecting surface perpendicular to the Y axis and 
elongated in the X direction is disposed on an end portion, 
of the reticle side fine adjustment stage 21, in the Y direction. 
Movable mirrors 34A and 34B, each having a reflecting 
surface perpendicular to the X axis, are disposed on two end 
portions, of the reticle side fine adjustment stage 21, in the 
X direction. 

The Y-axis laser interferometer 35 is fixed on the reticle 
side base 19 to oppose the movable mirror 33. SimQarly, an 
X-axis laser interferometer 36A is fixed on the reticle side 
base 19 to oppose the movable mirror 34A. A laser inter- 
ferometer 3£iB for rotation measurement is fixed on the 
reticle side base 19 to oppose the movable mirror 34B. 
Y-coordinate data RSy, X-coordinate data RSx, and rota- 
tional angle data ESQ of the reticle ^de fine adjustmoit stage 
21, which are respectively obtained by the Y-axis laser 
interfeFometer 35, the X-axis laser intoferom^er 36A, and 
the rotation measuremoit laser interferometer 36B, are sup- 
plied to the main control system 23 in FIG. 1. 

Actuators 38, 40, and 42 are disposed on die reticle side 
scanning stage 20 in FIG. 2. The actuates 38 and 40 finely 
adjust the reticle side fine adjustment stage 21 in the X 
direction. The actuator 42 findy adjusts the reticle side fine 
adjustmoit stage 21 in the Y direction. Hie positions at 
which the actuators 38 and 40 are in contact with the reticle 
side fine adjustment stage 21 are almost symmetrical with 
the movable mirrors 34A and 34B. The reticle ^de fine 
adjustment stage 21 is biased toward the actuators 38, 40. 
and 42 through three pairs of springs 37A and 37B, 39A and 
39B, and 41A and 41B. By adjusting the displacment 
amounts of the three actuators 38, 40, and 42. the reticle side 
fine adjustmrat stage 21 and the reticle 7 can be moved and 
rotated within the X-Y plane. 

A slit-like illumination area 43 elongated in the Y direc- 
tion is formed on the reticle 7 by the exposure light BL. The 
optical axis of ihc Y-axis laser intnferometo- 35 is set on a 
straight line which passes a center 43A of the illumination 
area 43 and is parallel to the Y axis. When the reticle 7 is to 
be rotated, it must be rotated about the center 43A of the 
illumination area 43 as an axis. Howevo^ when the reticle 7 
is scanned in the X direction, the position, of the redcle 7, 
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corresponding to the center 43A changes. Fbr this reason, 
the rotational miter of the reticle 7 is shifted in accordance 
with the position of the center 43A by adjusting the dis- 
placement amounts of the three actuators 38, 40, and 42. 

FIG. 3 is a plan view showing a wafra- stage system. 
Referring to FIG. 3, two psurs of air guides 26a and 26b are 
formed, in rows, on the v/aSei side base 26 to extend in the 
X direction. Electromagnets 44A and 44B are embedded on 
two sides of the air guides 26a and 262^ in rows in the X 
direction, respectively. The wafa: side X stage 27 is placed 
on the air guides 26a and 26b. Ihe wafer dde Y stage 28 is 
placed on the wafer side X stage 27. Permanent magnets are 
embedded in the rear surface of the wafer side X stage 27 so 
that the wafer side X stage 27 is driven in the X direction 
with high precision by a linear motor scheme. A cooling 
function is provided for the wafer side X stage 27 to prevent 
heat generated by the linear motor flsom being conducted to 
the wafer side Y stage 28. In addition, two pairs of air guides 
27a and 27b are formed, in rows, on the wafer side X stage 
27 to extend in the Y direction. The wafer side Y stage 28 
is driven along these air guides 27a and 276 in the Y 
direcdon by the stepping motor 29. 

The movable mirror 45 having a reflecting surface which 
is perpendicular to the Y axis and is elongated in the X 
direction is disposed on an end pordon, of the wafer side Y 
stage 28, in the Y direction. A movable mirror 46 having a 
reflecting sur&ce which is perpendicular to the X axis and - 
is elongated in the Y direction is disposed on an ead portion, 
of the wafer side Y stage 28, in the X direction. A Y-axis 
measurement laser interferometer 47A and the rotation mea- 
surement laser interferometer 47B are fixed on the wafer 
side base 26 so as to oppose the movable mirror 45 and be 
separated from each other by the X direction by a predeter- 
mined distance. Similariy, an X-axis measurement laser 
interferometer 48 is fixed on the wafer side base 26 so as to 
oppose the movable minor 46. Y-coordinate data WSy, 
X-coordinate data WSx, and rotational an^e data WSO of 
the wafer side Y stage 28, whidi are respectively obtained by 
the Y-axis measuremrat laser inteiferometra: 47A, the X-axis 
laser interferom^er 48, and the rotation measurement laser 
inteifeiomet«: 47B, are supplied to the main control ^tem 
23 in HG. 1. 

In this case, the optical axis of the projection optical 
system 13 is located at the intersection between the optical 
axis of the laso- interftsometer 47A and the optical axis of 
the laser mtoferometer 48. An ofi'-axis alignment system 49 
is arranged on the side, of the projection optical system 13, 
m the Y direction. The detection center of the alignment 
system 49 is located on tiie optical axis of the laser inter- 
fnometer 476, and the optical axis of the laser interfmom- 
eter 48 is located on a straight line which passes the 
detection center of the alignment system 49 and is parallel 
to the X axis. An area of a conjugate image formed on the 
wafer 14 by the projection optical system 13 and corre- 
sponding to the slit-like illumination area 43 shown in FIG. 
2 is a slit-like exposure area 43 P elongated in tiic Y 
dire<^on. Note that since the Y-direction side portions of the 
illumination area 43 are slightiy ^gnetted by the light- 
shielding portion of the redcle 7, the Y-direction length of 
the exposure area 43 P is smaller than that of the conjugate 
image of the iUumination area 43 itself. 

A method of controlling the reticle stage system aiKi the 
wafer stage system in a slit scanning exposure operation in 
this embodimmt will be described next 

In graieral, a pattern of the reticle 7 is reduced^projected 
on the wafer 14. This is because reduction projection is 
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advantageous in managing the dimensions of a pattern of the 
reticle 7, dust, and the like. If, however, the projecting 
magnification of the projection optical system 13 is set to be 
p, the reticle side stage must be driven at high speed by an 
amount corresponding to a multiple of the reciprocal of the 5 
I«iojecting magnification D with respect to the wafer side 
stage in a slit scanning exposure operation. In many cases, 
therefore, the processing perfoimance with respect to rela- 
tive scanning and stage control in an exposure operation 
depends on the drive performance of the reticle side stage. lO 

Hie main control system 23 in FIG. 1 issues an X-direc- 
tion drive command ODWx and a Y-direction drive com- 
mand ODWy to the drive 31 to move the wafer 14 in the X 
and Y directions, respectively. Ihe X- and Y-direction drive 
commands ODWx and ODWy serve to control the opera- I5 
tions of linear motors for the wafer side X stage 27 and the 
stepping motor 29, respectively. The nma control system 23 
issues a first drive command ODRl to the scanning drive 24 
to move the reticle 7 in the X direction as a relative scanning 
direction, and also issues a second drive connmandODR2 to 20 
the fine adjustment drive 25 to move and rotate the reticle 7 
within the X— Y plane. The first drive command ODRl 
controls the operation of the linear motor for the reticle side 
scanning stage 20, and the second drive command ODR2 
controls the opra^ons of the three acuiators 38, 40, and 42 25 
(see FIG. 2) of the reticle side fine adjustment stage 21. 

A control method will be described below with reference 
to the flow chart in FIG. 4 and FIGS. 5A and 5B. 

FIG. 5A shows the relative positional relationship 
between the reticle 7 and the slit-like illumination area 43. 
FIG. SB shows the relative positional relationship between 
the wafer 14 and the slit-like exposure area 43 P. Assume 
that reduced pattern images of the reticle 7 are sequentially 
exposed on two adjacent shot areas 50A and SOB on the 
wafer 14. For the sake of descriptive convrarience, assume 
thai the center of the illumination area 43 in FIG. SA is 
located at a central position A of the reticle 7, and the center 
of the exposure area 43 P in HG. SB is located at a central 
position AP of the first shot area 50A in an initial state. In ^ 
this case, the relative position and rotational angle diffsr- 
ences between the reticle 7 and the wafer 14 are 0. Further- 
more, assume that die reticle 7 is scanned in the X direction 
at a speed V/p, and flie wafer 14 is scanned in the -X 
direction at a speed V in the initial, state. The flow of 
processing shifts firom this initial state to step 101 in FIG. 4. 

In step 10! in FIG. 4, the main control system 23 in HG. 
1 drives the wafer side X stage 27 in the -X direction at the 
speed V, and drives the reticle ade scanning stage 20 in fiie 
X direction at the speed V/p. In ordra to drive the wafer side 50 
X stage 27 at a constant speed, the main ctmtrol system 23 
samples the diffraential value of die X-coordinate data WSx 
supplied from the laser interferometer 48 and issues the 
X-<Jirection drive command ODWx to make the differratial 
value constant so as to correspond to the speed V. Similaiiy, 55 
in order to drive the reticle side scanning stage 20 at a 
constant speed, the main control system 23 samples the 
dififerential value of the X-coordinae data RSx supplied 
from the lasCT intrafraometer 36A and issues the first drive 
command ODR"" fo make the dificiential value constant so 
as to correspond to tiie speed V/p. 

In addition, the main control system 23 performs posi- 
tional control of the wafer side Y stage 28 and the reticle side 
fine adjustment stage 21. Moib spedfically, the main control 
system 23 detecu the X-coordinate data WSx associated 65 
with the wafer 14 and the X-coordinate data RSx assodated 
with the reticle 7, and samples (WSx/p+RSx) on the basis of 
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these data. Similaily, the main control system 23 samples 
CWSy/p+RSy) on the basis of the Y-coordinate data WSy 
associated with the wafo" 14 and the Y-coordinate data WRy 
associated with the reticle 7; and (WSO+RSO) on the basis 
of the rotational angle data RS9 associated with the wafer 14 
and the rotational angle data RS9 associated with the r^cle 
7. 

Subsequently, the main control system 23 issues the 
Y-direction drive coimnand ODWy and the second drive 
command ODR2 to the drives 31 and 25, respectively, to 
perform position control such that these three data become 
predetermined reference values, respectively. These three 
reference values are predetermined on the basis of the design 
coordinate values of the respective shots arranged on a 
wafer, and are stored in a storage unit in the main control 
system 23. When each shot is to be exposed, the positions of 
the wafer and the reticle are controlled on the basis of the 
three reference values corresponding to each shot and the 
three sampled data. 

With this operation, the center of the illumination area 43 
shifts from the position A to the position B located outside 
the pattern area of the reticle 7 m FIG. SA, and the center of 
the exposure area 43 P shifts from the position AP to the 
position BP located outside the first shot area 50A of the 
wafer 14 in FIG. SB, thus completing the first slit scanning 
exposure operation. 

In step 102, the main control system 23 drives the wafer 
side X stage 27 such that the stage 27 is decelerated 
temporarily and is accelerated in the X direction, and also 
drives the wafer side Y stage 28 such that the stage 28 is 
accelerated temporarily and is decelerated in the Y direction. 
Meanwhile, the main control system 23 decelerates the 
reticle side scanning stage 20 and resets the reticle side fine 
adjustment stage 21 to the initial positioiu Wth this opera- 
tion, the centCT of the illumination area 43 shifts firam the 
position B to a position C located farther outside than the 
position B and stops thoeat in HG. SA, and the centra- of the 
exposure area 43 P shifts ftom the position BP to a position 
CP located outside the second shot area SOB of the wafer 14 
in FIG. SB. At tins position CP, die wafer side X stage 27 has 
already started constant speed scanning in the X direction. 

In step 103, the main control system 23 drives the wafer 
side X stage 27 in tire X direction at the speed V. In addition, 
since the position of the wafer side Y stage 28 is floctnating 
owing to the acceleration and deceleration of the wafer side 
Y stage 28 in step 102, the main control system 23 stabOizes 
the position of the wafa: side Y stage 28 through the 
striping motor 29. Meanwhfle, the main control system 23 
accdoates the reticle side scanning stage 20 in the -X 
direction. With this opaation, the center of the illumination 
area 43 shifts firom the position C to a position D closer to 
the reticle 7 in FIG. S A, and die centra- of the exposure area 
43 P shifts from the position CP to a position DP closra- to 
tiie second shot area SOB in KG. SB. At the position D, the 
reticle side scanning stage 20 has already started to move in 
the X direction at the constant speed V/p. Hierefore, the 
scaiming speed of the reticle 7 relative to the wafer 14 has 
reached the design value. 

In step 104, the main control system 23 drives the wafra 
side X stage 27 in Oie X direction at the speed V, and drives 
the reticle side scaiming stage 20 in the —X direction at the 
constant speed V/p. In addition, the main control system 23 
performs positional control of the wafra side Y stage 28 and 
the reticle side fine adjustmrait stage 21. More specifically, 
similar to stqp 101, the main control system 23 samples 
(WSx/p+ RSx), (WSy/p+RSy), and (WSO+RSO) fiom tiie 
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coordinate positions of the wafer 14 and the reticle 7. Hie 
main control system 23 then issues the Y-direction drive 
command ODWy and the se(X>nd drive command ODR2 to 
the drives 31 and 25, respectively, and perfonns position 
control such that these three data become predetramined s 
values, respectively. 

In this manaer, the positions of the reticle 7 and the wafer 
14 are controlled. At this time, the centra- of the illumination 
area 43 is at a position E located outside the pattran area of 
the reticle 7, as shown in FIG. 5A, and the center of the y, 
exposure area 43 P is at a position EP located outside the 
second shot area SOB of the wafer 14, as shown in FIG. SB. 

In step 105, when constant speed drive of the reticle 7 and 
the wafer 14 and coordinate position correction thereof are 
completed, the center of the illumination area 43 is at a 15 
position F located immediately before the pattern area of the 
reticle 7, as shown in FIG. 5A, and the center of the exposure 
area 43 P is at a position FP immediately before the second 
shot area SOB of the wafer 14, as shown in FIG. SB. 

With the same control as that performed in step 101, the 20 
iUtmiination area 43 relatively scans the reticle 7 up to its 
central position G, as shown in FIG. SA, and the exposure 
area 43 P relatively scans the second shot area SOB of the 
wafer 14 up to its central position GP, as shown in FIG. SB. 
TTiereafter, by repeating flie processing in step 101 and the 25 
subsequent steps, patterns of the reticle 7 are exposed on the 
second shot area SOB and the next shot area of the wafer 14. 

As described above, according to the first embodiment, 
the stage system on the reticle 7 side is divided into the 
reticle side scanning stage 20 and the reticle side fine 30 
adjustment stage 21, and these stages can be independently 
driven. With this arrangement, while the reticle 7 and the 
wafer 14 are driven at constant speeds, respectively, the 
coordinate positions of the reticle 7 and the vrafer 14 can be 
easily and quiddy corrected. HiCTeforc, a pattern image of 35 
the reticle 7 can be exposed on each shot area of the wafer 
14 without distortion. 

Provided that the weights of the reticle side scanning 
stage 20 and the reticle side fine adjustment stage 21 are 
respectively represented by Ml and M2, a relative scanning 
linear motor drives the stages 20 and 21 with a wdght 
(M1+M2). In contrast to this, since the ax^oators 38, 40, and 
42 shown in HG. 2 drive the remote side fine adjustment 
stage 21 with the weight M2, they exhibit excellent response 
characteristics in correction of the positirai deviation. 
Assimie that when an accelrantion a is applied to the reticle 
side fine adjustmrat stage 21 on the reticle side scanning 
stage 20, the acceleration, of the reticle side scanning stage 
20, whidi acts on the reticle side scanning stage 20 (ie., the 
reaction of the accderatirai a) is represented by b. In this 
case, the following equation can be established: 

Therefore, the acceleration b is lower than the accelera- 55 
tion a, and positional control of the reticle side fine adjust- 
ment stage 21 hardly affects the constant speed scanning 
operation of the reticle side scanning stage 20, thus realizing 
steble speed control. 

A projection exposure apparatus according to the second 60 
embodimoit of the pres«rt invention will be described next 
writh leferrace to FIGS. 6 to 16B. In this ranbodin^t, the 
present invention is ^plied to a projection racposure appa- 
ratus of a stitching and slit scanmng exposure sdieme, which 
Eq>paratus includes a pulse emission type laser source. 65 

FIG. 6 shows the overall anangement of the projection 
exposure apparatus of the sec<Hid embodiment The second 
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embodiment has almost the same arrangament as that of the 
first embodimrait except for the illumination optical system 
22 and the stage system for a reticle in the first embodiment 
Therefore, the same reference numerals in FIG. 6 denote the 
parts having the same functions as in FIG. 1, and a descrip- 
tion thereof will be omitted. 

Referring to FIG. 6, a laser beam LB endued fmm a pulse 
laser source 52 such as an excimer laser is incident on an 
illumination optimizing optical system 53 ccmstituted by a 
beam expander, an optical integrator, and an aperture stop, 
a relay lens, and the like. A pulse laser beam IL as exposure 
light emerging from the illumination optimizing optical 
system 53 is reflected by a deflecting minor 54 to be incident 
on a field stop 55. The pulse laser beam IL passing through 
the aperture of the field stop 55 illuminates a reticle 7 with 
unifomi illuminance through a relay lens 56, a deflecting 
mirror 57, and a condenser lens 58. The plane where the field 
stop 55 is arranged is conjugate to the pattem formation 
surface of the reticle 7. The shape of a slit-like illumination 
area 43 on the pattern formation surface of the reticle 7 is set 
by the q)erture of the field stop 55. 

The reticle 7 is held on a reticle stage 61. Movable minors 
62 are attached to the reticle stage 61 in the X direction (a 
lateral direction parallel to the drawing surface of FIG. 6) 
and the Y direction (a direction perpradicular to the drawing 
surface of FIG. 6), respectively. TTie reticle stage 61 and the 
movable mirrors 62 are held such that they can be moved 
aloag a guide 63 within the X — Y plane and can be moved 
in the X direction at a constant speed. A drive 66 is 
connected to the reticle stage 61 to move the stage 61 in the 
X and Y directions and perform fine rotation for yawing 
correction. Laser beams firom a laser interferomrter 64 fixed 
to the guide 63 are reflected by the movable mirrors 62 so 
that the X- and Y-direction positions of the reticle 7 and its 
yawing amount are constantly measured by the laser intCT- 
ferometer 64. Tlie measurement data arc supplied to a main 
control system 23. The main control system 23 supplies a 
control signal Sj to the drive 66 to control the movement of 
the reticle 7, and also outputs a control signal to a laser 
source control system 51 to control the emissitm of the pulse 
laser source 52. Tlie main control system 23 includes a 
storage imit 23a. 

HG. 7A shows the slit-like rectangular illumination area 
43 on the reticle 7. The illumination area 43 is inscribed in 
the contour of a drcnlar area conjugate to the maximum 
exposure field of a projection optical system 13. The illu- 
minati^on area 43 has a length LP (=L+2M) in the Y dkection 
and a width D in the X direction. When the reticle 7 is 
scanned in the X direction, a pulse laser beam within the 
illumination area 43 sequentially illuminates a pattem area 
wider than the illumination area 43 on the reticle 7. As 
shown in FIG. 7B, according to a light intensity distribution 
(to be referred to as an illrmiinance distribution hereinafler) 
S in the Y direction within the illumination area 43, the li^t 
intensity is constant in a central area having a length L, and 
decreases almost lineariy to 0 in side areas 43a and 43b, each 
havmg a Iraigth M. That is, the illuminance distribution S of 
the fllumination area 43 in the Y direction perpendicular to 
the relative scaiming direction has a tr^)ezoidal shape. In 
Older to obtain such a trapezoidal illimiinance distribution, 
the ^rture of the field stojraS in FIG." 6 may be s^ in a 
defocus state in the longitudinal direction. Alternatively, a 
trapezoidal illununance distribution can be obtained by 
arranging an ND filter plate or the like, whose transmittance 
lineariy changes, in tiie field stc^ 55 or the illumination 
optimi^g optical system 53. 

FIG. 8 shows the reticle 7 in FIG. 6. Referring to FIG. 8, 
a pattem area 75 having a width IT in the Y direction is 
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fonned on the pattern fonnadon sm^ice of the reticle 7. A 
dicuit pattern to be transfened onto a waftrar is fonned in this 
pattern area 75. A forbiddea zone 76, consisting of a 
light-sbidding portion having a width M or more, is fonned 
on outei pmpheral portions of the pattern area 75 in the Y 
direction. In the second embodiment, tiie pattern area 75 is 
scanned twice in the X direction with the slit-like iUuniina- 
tion area 43 to transfer a pattern of the pattern area 75 onto 
the wafer. For example, a patteni of a substantially right half 
area 75a is transferred onto the wafer by the first scanning 
operation, and a pattern of a substantially left half area 7Sb 
is transfened onto the wafer by the second scanning opera- 
tion. 

In this case, a left side portion of the area 75fl and a right 
side portion of the area 7Sb are superposed on each other at 
a connection area 7Sc having the width M in the Y direction, 
and the coimection portion 7Sc is scanned by the area 43a or 
43b in which the light intensity (iUominance) of the iUumi- 
nation area 43 gradually decreases, this operation, the 
illuminance distribution of the connection portion 75c is 
made uniform, and the position deviation of a transferred 
pattern can be prevented. In addition, in order to make the 
illuminance in the pattern area 75 constant, no area at an end 
portion of the patt^ area 75 in the Y direction is scarmed 
by the area 43a or 43b in which the illuminance of the 
illumination area 43 gradually decreases. Since the Y-direc- 
tion width of the area, in the illumination area 43, in which 
the illuminance is constant is represented by L, and the 
Y-direction width of the pattern area 75 is represented by LT, 
the Y-direction width M of the area 43a or 43b in which the 
illuminance gradually decreases to 0 is given by: 

M=LT-2L (2) 

In general, the pattern area 75 is scanned n times in the X 
direction by the Uluinination area 43 to transfer a pattern of 
the pattern area 75 onto a wafer 14. In order to prevent the 
formation of an area which is illuminated only with the area 
43a or 43b in which the illuminance gradually decxeases, the 
width M of the area 43a or 43b in wMch the iUominance 
gradually deoeases may be set as follows: 

AfKltP-ilVCH-l) (3) 

FIG. 9A shows a slit-like rectangular exposure area 43 P 
on the wafer 14 in FIG. 6. The exposure area 43 P is 
conjugate to the illumination area 43 on the reticle 7 in FIG. 
7A. In this case, since the iMxgecdng magnification of the 
projection optical system 13 is p. the X- and Y-direction 
widths of the exposure area 43 P are p-D and P-LP, respec- 
tively. In addition, as shown in FIG. 9B, in areas 43 aP and 
43 bP, of the exposure area 43 P, located at two cards and 
having a width p-M in the Y direction, illuminance S 
decreases almost linearly to 0. Hie illuminance distribution 
of the exposure area 43 P in the Y direction perpraidicular to 
the relative scanning direction has a trapezoidal shape. 

The condition for the width p-D of the exposure area 43 
P in the X direction as the relative scanning direction will be 
described next. In this case, provided that the pulse emission 
period (Le., the redprocal of an ranission fsxqasacy f) of the 
pulse Ias«- source 52 in FIG. 6 is T, and the distance by 
^-^i^hich the wafer 14 is scanned in the X direction in one 
period T during an slit scarming exposure op^ation is AL, 
the X-direction width A-D of the exposure area 43 P is set to 
be an integer multiple of the distance AL. In addition, if the 
scarming speed of the wafer 14 in the X direction is 
represented by V, then the distance AL is T-V. That is, the 
following equation can be established, providing that m is an 
integer of one or more: 
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PD=in&L=mTV (4) 

FIG. 9A shows a case where P D=4-AL. In this case, for 
example, an exposure point QO which is present at an edge 
portion of the exposure area 43 P when pulse emission 
occurs is irradiated with a pulse laser beam corresponding to 
three pulses within the exposure area 43 P, and is irradiated 
with a pulse laser beam corresponding {o two pulses at the 
edge portion of the exposure area 43 P. Letting AE be the 
energy radiated on an exposure point inside the exposure 
10 area 43 P by one pulse emitting operation, energy repre- 
sented by 4 AE (=^AE/2+3-AE+AE/2) is radiated on the 
exposure point QO. In addition, as shown in FIG. 9A, enKgy 
represented by 4-AE is radiated on an exposure point Ql, on 
the wafer, which is present inside the edge portion of the 
15 exposure area 43 P when pulse emission occurs, and energy 
represented by 4-/4E is radiated on an exposure point Q2, on 
the wafer, which is present outside the edge portion of the 
exposure area 43 P when the pulse emission occurs. As 
described above, according to the second embodiment, the 
20 same pulse laser beam corresponding torn pulses is radiated 
<»i all the exposure points, on the wafer, which are scarmed 
by the exposure area 43 P. Hierefore, a constant illuminance 
distribution is set at the exposure points which are scarmed 
by the area, of the exposure area 43 P, in which the 
25 illuminance is constant 

Although energy conesftonding to m pulses is radiated on 
exposure points which are scanned once by the two side 
areas 43 aP and 43 bP of the exposure area 43 P. the radiated 
energy is lower than that radiated on the other exposure 
30 points. However, as descaibed above, in the second embodi- 
ment, since a cormection portion is scanned twice by the 
areas 43 aP and 43 bP in a stitching operation, enogy 
r^esraited by m-AE is also radiated on each e;g)osure poim 
of the cormection portioa Therefore, the same amourtt of 
35 energy is radiated on all the exposure points on the wafer, 
preventing flluminance irregularity. 

An example of stitching and slit scanning exposure in the 
second embodiment will be described next. Referring to 
FIG. 6, while die slit-like illumination area 43 on the reticle 
40 7 is illimiinated with the pulse laser beam IL, the main 
control system 23 scans the reticle 7 in the —X direction at 
die constant speed V/p through the drive 66 and the reticle 
stage 61. In synchrixiism with this scanning operaticm, the 
main control system 23 scans tiie waf^ 14 in the X direction 
45 at the constant speed V through a drive 31. In this case, the 
main control system 23 obtains the cocKdinate position 
(RSxJRSy) of the reticle 7 and the coordinate position 
{WSx,WSy) of the wafer 14 at the time when, for example, 
a predetermined alignmrat mark on the reticle 7 coinddes 
50 with a predetermine aligrunent mark on the wafex 14, on 
the basis of measurement values obtained by a laser inter- 
ferometea' 64 and a laser interferometer 47. Similar to the 
first embodimrait, the main control system 23 fiien calculates 
(SWxa^RSx). (WSy^RSy). and (WS6+RSe), and stores 
55 tiiese values as reference values in the storage unit 23a in 
advance. In addition, the main control system 23 obtains 
these three inference value for each shot exposed on the 
wafer in advance, and stores them in the storage unit 23a. 
The main control system 23 controls the coordinate posi- 
60 tions of the wafer 14 and the reticle 7 through the diives-£6 
and 31 such fliat the tiiree data {WSx/p4«Sx), (WSy/p+ 
RSy), and (WS&i- RS6) sampled during a relative scanning 
operation witii respect to the wafer 14 and the reticle 7 
coincide with the ^ve-m«itioned reference values. 
65 With this operation, as shown in FIG. 8, on the reticle 7 
side, the slit-like illumination area 43 lelativdy scans the 
light area 75a of the pattern area 75 along a trace 77. In 
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addition, as shown in FIG. lOA, on the wafa side 28, the 
slit-Iike exposure area 43 P relatively scans a left area 80a 
of an exposure area 80 along a trace 77 P. 

When the first slit scanning exposure operation is com- 
pleted, the reticle 7 is moved in the Y direction by stitching 
so as to move the illumination area 43 to an upper left 
position in the pattern area 75 along a trace 78, as shown in 
FIG. 8. Referring to FIG. lOA, a slit-like exposure area 20 
P is moved to a lower right position in the exposure area 80 
along a trace 78 P by moving the wafer 14 in the — Y 
direction. Thereafter, the reticle 7 is scanned at the speed 
in the X direction, and the wafer 14 is scaraied at the 
speed V in the -X direction, thereby performing the second 
slil scanning exposure operation. As a result, as shown in 
FIG. 8, on the reticle 7 side, the slit-Iike illumination area 43 
relatively scans the left area 7Sb of the pattern area 75 along 
a trace 79. In addition, as shown in FIG. IDA, on the wafer 
14 side, the slit-like exposure area 43 P relatively scans the 
right area 80!» of the exposure area 80 along a trace 79 P. 

As shown in FIG. 8, at the connection portion 75c of the 
pattem area 75 of the reticle 7, exposure is performed twice 
by the left and right areas 43a and 43&, of the illtmMnation 
area 43, in which the illuminance decreases, with the first 
and second scanning operations. Therefore, the main control 
system 23 controls the position of the reticle 7 such that the 25 
moving amoimt of the reticle 7 in the Y direction in a 
stitching operation becomes (LP-M). Similarly, the main 
control system 23 controls the position of the wafer 14 such 
that the moving amount of the wafer 14 in the -Y direction 
in a stitching operation becomes (LP-M)/p. 

With this control, as shown in HG. IDA, at a connection 
portion 80c, of the exposure area 80 of the wafer 14, located 
at a middle position in the Y direction, exposure is per- 
formed twice by the right and left areas 43 ap and 43 bp, of 
the slit-like exposine area 43 P, in which the flluminance 
decreases. For example, at an exposure point Q3 inside the 
connection portion 80c, the illuminance in the first exposure 
opo^tion becomes an flluminance SA in FIG. lOB; and the 
illuminance in the second exposure opaiation, an illumi- 
nance SB. As shown in HG. 9B, ance the illuminances of 40 
the areas 43 aPaiai 43 bP in the Y dnection symmetrically 
and lineariy decrease to 0, the sum of the illuminances SA 
and SB m HG. lOB becomes equal lo an illuminance SC 
obtained when exposure is performed by using the area, of 
the exposure area 43 P, in which the illuminance is constant 45 

As has been des«ibed above, all the exposure pomts 
which are scanned by the exposure area 43 P once are 
inadiated with a pulse laser corresponding to m pulses. The 
exposure point Q3 inside the connection portion 80c is 
irradiated with the same amount of energy as that radiated on 50 
an exposure point which is scanned once by two scanning 
operations of the exposure area 43 P 0-e., an exposure point 
outside the connection pration). Therefore, the illuminances 
at all the exposure points on the wafer 14 are made uniform. 
In addition, at an exposure point inade the connection 55 
portion 80c, the number of pulses radiated in two scanning 
- operations is 2 m, which is twice that radiated at an exposure 
point outside the connectim portion. Thraefore, at the con- 
nection portion 80c, especially variations in the energy of a 
pulse laser beam for each pulse and the influences of 60 
speckles are reduced. More specifically, at the coimection 
portion 80c, the variations in illuminance due to variations 
in the energy of a pulse lasa beam for each pulse are 
reduced to i4"^ the variations at a non-connectitMi portion. 

In tire second embodimrat, when slit scaiming exposure is 
to be performed with respect to the area 80a on the wafer 14 
shown in HG. lOA, the main control system 23 stores the 
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differences between the above-mentioned three data (WSx/ 
^RSx), (WSy/p+ RSy), and (WSO+RSO) and the corre- 
sponding reference values in the storage unit 23fl. When a 
pulse laser beam corresponding to m pulses is radiated on an 
arbitrary exposure point on the wafer 14 by the first scanning 
operation, the main control system 23 monitors each ^fTer- 
ence in synchronism with each pulse emitting operation. 
Hiese differences cause intta-^ot distortion at the connec- 
tion portion 80c on the wafra- 14. Ihereforc, when exposure 
is to be performed with respect to the area 80£> on the wafer 
14 by the second scanning operation, the main control 
system 23 controls the coordinate positions of the reticle 7 
and the wafer 14 through the drives 66 and 31 such that the 
monitoiEd differences coincide with the readout differences. 
With this operation, the pattem overlapping predsion at the 
connection portion 80c on the wafer 14 is greatly improved. 

In general, if the positioning precisions of the reticle stage 
61 and wafer stages (27 and 28) in the X and Y directions 
are respectively represented by Ax and Ay, ovcrl^ping 
errors at the wjnnection portion 80c are respectivdiy r^re- 
sented by 2"^Ax and 2^'^Ay. In contrast to this, according to 
the method of the second embodiment, the overlapping 
errors are only Ax and Ay because the positions of tiie reticle 
7 and the wafer 14 in exposmg the area 80£> by the second 
scanning operation are controlled in accordance with shot 
distortion caused in exposing the area 80a by the first 
scanning operatioiL 

A mefliod of exposing the entire exposure surface of the 
waf^ 14 will be described next Consider a case v/bere the 
stitching and slit scanning exposure operation described in 
the second embodiment is £5)plied to this exposure method. 
As shown in HG. 11, exposure is sequentially performed 
with respect to ai^acent areas 80-l«, 80-lfe, 80-2a, 80-2^, . 
. . , 80-4a, and 80-4* by the slit scanning exposure method. 
AccOTding to this scanning method, a pssxem of the pattem 
area 75 can be transferred onto the wafer 14 in a short podod 
of time, and hence the transfer operation is not easily 
influencid by the expansion of the wafer 14 and the like. In 
contrast to this, the jHCcision at the connection portion may 
deteriorate dq)^iding on the characteristics in the scanning 
direction. For this reason, the reticle 7 must be moved, along 
the trace 78, in the Y dfaection with respect to the illumi- 
nation area 43 in HG. 8, at a high speed. 

According to another exposure method, as shown in 
HGS. 12A and 12B, for example, only flie right half area 
7Sa of the pattem area 75 of the reticle 7 is continuously 
deposed on a corresponding area on the wafCT 14. Thereaf- 
ter, only flie left half area 756 of the pattem area 75 is 
continuously exposed on a corresponding area on the wafer 
14. In this method, as shown in HG. 12A, exposure is 
p^onned first with respea to the areas 80-la, 80-2a, .... 
80-4a on the wafra- 14. Thraeafter, as shown in HG. 12B, 
exposure is performed with respect to the are^ 80-lb, 
80-26, .... 80-46 on the vrafer 14 along a trace parallel to 
the trace in HG. 12A. Therefore, the main control system 23 
controls the position of the wafer 14 such that the inoving 
amount of the wafer 14 corresponding to the trace 7g°Fbf 
the exposure area 43 P in the -Y direction in HG. lOA 
becomes 2GJP-M)/p. According to this metfiod, in two 
exposure aieas (e.g., the areas 80-la and 80-16), on the 
wafer 14, conespontKng to the pattern area 75 of the reticle 
7, the slit-like exposure area 43 P is scanned in the same 
relative scanning direction. \Wth this operation, the over- 
lapping precision at the connection portion 80c is inqnnved. 

In the first and second embodiments, ^ce a refiacting 
optical system is used as the projection optical system 13, a 
rectangular illumination area is set m the letide 7, as shown 



